Aim Numerous reports in the 1990s pointed to a learning curve for laparoscopic cholecystectomy (LC), critical in achieving excellent outcomes. As LC is now standard therapy for acute cholecystitis (AC), we aimed to determine if surgeon volume is still vital to patient outcomes. Methods The Nationwide Inpatient Sample was used to query 80,149 emergent/urgent cholecystectomies performed for AC from 1999 to 2005 in 12 states with available surgeon/hospital identifiers. Volume groups were determined based on thirds of number of cholecystectomies performed per year for AC; two groups were created [low volume (LV): B15/year; high volume (HV): [15/year]. Primary endpoints were the rate of open conversion, bile duct injury (BDI), in-hospital mortality, and prolonged length of stay (LOS). Propensity scores were used to create a matched cohort analysis. Logistic regression models were created to further assess the effect of surgeon volume on primary endpoints. Results The number of cases performed by HV surgeons increased from 24% to 44% from 1999 to 2005. HV surgeons were more likely to perform LC, had fewer conversions, lower incidence of prolonged LOS, lower BDI, and lower in-hospital mortality. After matching the volume cohorts to create a case-controlled analysis, multivariate analysis confirmed that surgeon volume was an independent predictor of open conversion and prolonged LOS but not BDI and in-hospital mortality. Conclusions Increasing surgical volume remains associated with improved outcomes after surgery during emergent/urgent admission for AC with fewer open conversions and prolonged LOS. Our results suggest that referral to HV surgeons has improved outcomes after LC for AC.
Introduction
Surgeon and hospital volume appears to result in improved outcomes after major surgery such as cardiac, vascular, and oncology operations. Other processes of care and specific hospital factors such as intensive care unit support, teaching facilities, and socioeconomic status are also important factors in surgical quality [1] [2] [3] . National standards are being created based on outcomes for major surgery such as cardiac surgery, gastric bypass, and transplantation. These checkpoints have created a shift in focus for volume to meet these standards for specialized surgeries under scrutiny.
It remains unclear if a volume standard exists or is needed for common diagnostic problems and surgeries such as acute cholecystitis (AC) and cholecystectomy. Cholecystectomy remains one of the most commonly performed abdominal surgeries in the USA [4] [5] [6] [7] . With the advent of laparoscopy, a changing paradigm in surgical training, and the development of acute care surgical services, the quality and outcomes of surgical treatment of AC remains unknown. Numerous reports in the 1990s pointed to a learning curve for laparoscopic cholecystectomy (LC), critical in achieving excellent outcomes [8] . The learning curve manifests early in the surgical experience while the volume-outcome relationship is developed over time with maintaining skills with repeated performance of a single operation. As LC is now standard therapy for acute cholecystitis (AC), we aimed to determine if surgeon volume is still vital to patient outcomes.
Methods and Patients
We used the NIS for the years 1999-2005 to extract data for all patients with AC as previously described [9] . The NIS is the largest national all-payer hospital inpatient care database in the USA. It is supported by the Healthcare Cost and Utilization Project and contains all-payer discharge information for 100% of patient discharges from participating hospitals. Data exist for approximately 7,000,000 hospital discharges per year from a stratified sample of 20% of nonfederal US community hospitals from participating states including academic and specialty hospitals. It contains hospital-level information obtained from a direct link to the American Hospital Association's annual survey of hospitals, which includes hospital type (teaching/nonteaching) and geographic region (Northeast, West, South or Midwest, as defined by the US Census Bureau). Each record in the NIS represents a single hospital discharge and includes a unique identifier.
The study was reviewed by the University of Massachusetts Institutional Review Board (IRB) as appropriate for exception from IRB oversight as no personal identifiers were used among the registry data.
Study Population
Diagnoses and procedures were identified by the Clinical Modification of the International Classification of Diseases, 9th revision (ICD-9-CM) diagnostic and procedural codes. All patients with a diagnosis of AC were identified (574.0, 574.3, 574.6, 574.8, 575.0, 575.12) as previously described [9, 10] Only patients with the unique surgeon and hospital identifier code were included in the study. This resulted in 80,149 cases (28% of total cohort) from 922 hospitals in 12 different states (median 8; range 5-10) over the 7-year period. States included in at least one year in the study were Florida, Iowa, Maryland, Maine, New Hampshire, New Jersey, Nevada, New York, Pennsylvania, South Dakota, Texas, and Virginia. To evaluate volume, we categorized groups based on surgeon volume of cholecystectomy, in approximately three equal groups for comparison prior to any volume-outcome analysis [11] [12] [13] . For presentation of the descriptive and univariate data, volume groups were kept in thirds. To perform dichotomous analyses of the matched cohorts, two groups were then made: high volume (HV) represented the upper-third in surgeon volume ([15 cholecystectomies/year; n = 26.572 admissions) while low volume (LV) accounted for the remaining lower two-thirds of surgeon volume (1-15 cholecystectomies/year; n = 53,577 admissions) in the cohort.
Provider Identifiers
Surgeon identifiers were used to determine the number of LC and OC per individual surgeon. Since record sampling in the NIS does not correlate across years, a continuous single-surgeon identifier was not possible. Each record or identifier is considered a unit assigned to a specific surgeon or hospital; therefore, the same surgeon may operate in different years recorded as a different individual surgeon. For example, due to the sampling in the NIS, it is possible for a surgeon's hospital to be included in one year and then not included the following year. All volume calculations were done on a year-to-year basis. The range of surgeon volume was 1-122 cases per year. Extrapolation of the dataset using institutional weighting was not performed.
Variables
Demographic and operative characteristics of patients were captured within NIS. Age was maintained as a continuous variable. Race was divided into White, Black, Hispanic or other, which included but was not limited to Asians, Pacific Islanders, and Native Americans. Surgeon volume was also divided into thirds as described above and then split into low and high volume due to the dichotomous analysis. The income bracket was a categorical variable derived from the median household income of the patient's zip code of residence. From 1999 to 2002, these quartiles were defined based on 1999 demographics such that the maximum of the first quartile was 150% of the poverty level, and the boundary between the second and third quartiles was the national median income. From 2003 to 2005, the quartiles were adjusted annually to divide patients equally, again with the boundary between the second and third quartiles being the national median income. Payer type was divided into four groups: Medicare, Medicaid, private insurance or other. Hospital volume was included in the regression analysis as a continuous variable due to potential confounding between hospital and surgeon volume.
Bile duct injury was identified by a procedure code of bile duct repair (517: repair of bile duct; 513.6: choledochoenterostomy; 513.9: other bile duct anastomosis). This was only accounted for if the procedure for bile duct injury was performed during the same hospital admission as the cholecystectomy.
Prolonged length of stay (LOS) was calculated as any stay that was greater than the 90th percentile of the whole cohort. A categorical value was then assigned if a hospital stay was above the 90th percentile or not. This would capture the complicated cases and long hospitalizations and reflect atypical discharge patterns.
For purposes of risk adjustment, coexisting comorbidity was compiled to create an Elixhauser comorbidity index [14] . This index identifies 29 disease entities that are considered true comorbid diseases associated with adverse outcomes in hospitalized patients. Patients were given a score of 0, 1, 2 or C3 based on number of comorbidities.
Case-Controlled Analysis
Propensity scores were used to further investigate whether differences in outcomes by selected surgeon volume groups were dependent on disparities in patient population and disease characteristics as previously described [9, 15] . An advantage to the use of propensity scores is that the model is not constrained with overfitting, multiple testing, and the conventional P \ 0.05 criteria for variable inclusion. Candidate factors for the propensity model were important demographic and disease factors including age, gender, race, income bracket, insurance type, year of operation, Elixhauser comorbidity score, and a binary hospital volume variable divided into high or low volume. The propensity groups markedly reduced demographic differences between patients [16, 17] . We used a greedy 5 C 1 matching algorithm for matching [18] . This algorithm first matches on five digits of the propensity score and then subsequently on four, etc. A matched cohort was created in which all demographic/disease characteristic differences between HV and LV surgeons (n = 23,163 in each group) were reduced, allowing us to evaluate the effect of volume in a case-control fashion. Matching with this method allowed 93% of HV surgeons group to be included in the adjust cohort. Within each group, the association between each demographic or disease characteristic was determined by the v 2 test.
Outcomes
The primary endpoints examined in this study were open conversion from laparoscopic to OC, included in-hospital mortality, bile duct injury (BDI), and prolonged LOS.
Statistical Analysis
Data was analyzed using SAS software release 8.02 (SAS Institute, Cary, NC). Continuous variables were evaluated for normality using Shapiro-Wilk test and tested for statistical significance with a one-way analysis of variance (ANOVA). For more than two continuous variables, ANOVA was used to test for statistical significance. Categorical variables were tested with v 2 analysis. Temporal trends were assessed using the Cochrane-Armitage trend test. Statistical significance was defined by P \ 0.05.
Univariate predictor variables with P \ 0.10 were included in the multivariate analysis. A logistic regression was used to determine the effect of different variables on risk of conversion from laparoscopic to OC while controlling for patient and hospital characteristics. A HosmerLemeshow goodness-of-fit test was performed to confirm the final model. A confirmatory analysis using propensity scores to minimize bias from nonrandom assignment of treatments was also performed [19] . All results in the regression model were represented by an odds ratio and 95% confidence interval (CI). All regression models were performed separately with and without variables with missing fields. The data was unchanged in both models. Data presented includes admissions with all data included.
Results
There has been a significant increase in the number of cholecystectomies performed by HV surgeons (Fig. 1 ) (P \ 0.001). Overall, the number of cases performed by surgeon increased each year from 5.6 cases per surgeon per year in 1999 to 7.6 cases per surgeon per year in 2005. Most cases were performed laparoscopically (n = 72,486; 90.4%). The overall conversion rate was 10.5%. Table 1 displays the demographics of the study cohort. Median age was approximately 54 years and more than 62% of patients were female. About two-thirds of the patients were White, with Hispanic being the second most common race (18%). Patients who underwent surgery for AC were most commonly without comorbidities (38.7%) and had private insurance (42.9%), and 30% were in the highest income bracket (30.3%). The median length of stay for all patients was 4 days (LC: 3 days; OC: 7 days). For patients who underwent LC, only 9.3% had a prolonged LOS while 40.0% who underwent OC had prolonged LOS.
Overall in-hospital mortality was 0.76%. Specifically for LC, in-hospital mortality was 0.44% while mortality was 3.78% for OC.
A learning curve in LC may be extrapolated from the data. At the start of the study, LV surgeons started about 16% of cases as OC (Fig. 2) . Over time the number of cases started as OC in the lowest-volume group decreased significantly (P \ 0.001). Figure 3 shows the open conversion rate stratified by surgeon volume. Throughout the course of the study, HV surgeons had the lowest conversion rate, never exceeding 8.5%. Surgeons in the lowest third improved their conversion rate over the 8-year period from a conversion rate of 14.2% in 1998 to 11.2% in 2005, confirming an improvement in the learning curve. An intraoperative cholangiogram was performed in 37.6% of cases performed by HV surgeons compared with in 30.4% of cases performed by LV surgeons (P \ 0.001). Highvolume providers operated more frequently at nonteaching hospitals (71% of cases performed versus 64%, P \ 0.0001).
Despite a lack of significant differences in demographics, there were important findings in the outcomes after surgery by different volume surgeons (Table 2) . From time of admission, HV surgeons operated on patients significantly earlier (1.63 days) than surgeons in the LV group (1.68 days) (P \ 0.0001). As a whole, HV surgeons performed more LC (93.1% versus 89.1%; P \ 0.0001) and also had fewer open conversions (8.0% versus 11.8%; P \ 0.001). The incidence of prolonged length of stay (11.1% versus 12.8%; P \ 0.0001), bile duct injury (0.15% versus 0.22%; P = 0.03), and unadjusted mortality (0.67% versus 0.80%; P = 0.05) was also lower with HV surgeons.
Matched cohorts were then created with the use of propensity scores. Demographic differences were reduced between the HV and LV groups in an attempt to eliminate selection bias and referral patterns. Advanced age, gender, race, and hospital volume differences were all eliminated for comparison (P [ 0.05). Disparities in payer type and income bracket remained despite the matching method (P \ 0.05). Univariate analysis of endpoints revealed that percentage of cases performed laparoscopically (93.0% versus 90.4%; P \ 0.0001), conversion rate (7.9% versus 11.1%; P \ 0.0001), and prolonged LOS (11.2% versus 12.1%; P = 0.002) remained as significant differences between LV and HV surgeons (Table 3) . Bile duct injury (0.13% versus 0.18%) and in-hospital mortality (0.69% versus 0.66%) were no longer significantly different between groups after adjustments in demographics factors.
Multivariate regression analysis of open conversion was performed to determine independent risk factors of conversion (Table 4) A multivariate model was also performed for prolonged LOS (Table 5) . Similar to open conversion, HV surgeons independently had a decreased incidence of patients with prolonged LOS (OR 0.91; 95% CI 0.86-0.97).
Discussion
Acute cholecystitis is a significant health-care burden and its treatment, cholecystectomy, is one of the most common general surgical procedures performed today [20] . In this study of the NIS database, we have shown that surgical volume improves patient survival after admission and surgery for AC. With an increased focus on quality improvement and outcomes, there has been a progressive trend towards care with high-volume surgeons in many disciplines [12, 21, 22] . This has been previously described in complex abdominal procedures such as pancreatectomy and colectomy but not for more general procedures such as LC [23] [24] [25] [26] . In order to remove selection bias and potential confounding with referral patterns, we performed a matched cohort analysis. Our results confirm that more regionalization and referral to high-volume surgeons has improved outcomes after surgery for AC. High-volume surgeons had a lower open conversion rate, lower likelihood of prolonged length of stay, and a higher likelihood of performing LC overall. The adoption of LC was initially met with reservation due to development of a learning curve among the surgical community [7, 8] . We have previously shown that, in this decade, LC has become the predominant surgical modality for AC with excellent success [9, 10] . Surgical volume of cholecystectomy is sustained and the laparoscopic method may be easier and safer now than the open approach [9] . There has been no previous study examining surgeon volume with outcomes after LC using US population-based data. Using data from Scottish public-sector hospitals, McMahon et al. showed that increasing laparoscopic experience and annual case load were associated with higher proportion of LCs and shorter hospital stays [27] . We acknowledge that certain confounding must exist between surgeon and center volume to account for some of the observed effects. We therefore included hospital volume in the logistic regression analysis to account for this; surgeon volume remained an important factor for open conversion. Open conversion may not always reflect lack of technical expertise when performing LC; obviously there are instances when surgeon experience and judgment make conversion prudent.
One of our primary endpoints in this study was open conversion after laparoscopic attempt at cholecystectomy. In-hospital mortality and bile duct injury were considered as secondary endpoints primarily due to their low occurrence rate after LC or OC. We felt that these secondary endpoints would not be accurate indicators of surgical quality because low numbers may not reveal significant differences in quality. Due to the rise in cholecystectomy overall for a variety of procedures including biliary colic, we felt it was important for the cohort to be focused using patients that needed surgical intervention and required expertise such as AC. As we have previously described, using the surgeon identifier in the NIS enables us to study over 80,000 cases across 12 states in the 8-year period [15] . With the use of the surgeon identifier, we have shown a shift in volume over time for the highest tertile surgeons. More importantly, outcomes remain excellent for HV surgeons, suggesting that their expertise in LC was gained earlier and remained over the course of the study. This would include open conversion, percentage of cases started laparoscopically, in-hospital mortality, and bile duct injury. It is important to remove inherent differences in cohort with the use of propensity scores to accurately assess whether differences do exist in important endpoints such as conversion and mortality. It was only in the adjusted analysis that we found that bile duct injury and in-hospital mortality were not different among volume groups.
The development of acute-care surgery has led to focused care of patients with urgent general surgery disorders such as appendectomy and cholecystitis [28] . It remains unclear whether this change in approach from the historical ''surgeon on call'' algorithm has improved the quality and efficiency of surgical care [29] . Timely surgery and a uniform approach to these common disorders was the underlying goal of this systems-based practice and it would appear that acute-care surgeons would become the highvolume surgeons for gastrointestinal disorders such as appendicitis, cholecystitis, and intestinal perforation. Our results would support the use of this approach at both lowand high-volume centers. It appears that, although center volume may be an important factor in management of AC, surgeon volume clearly improves outcome as measured in this study.
The strengths of our study lie in its use of the surgeon and hospital identifier to identify volume cutoffs. We chose to create equal volume cutoffs prior to any analysis to determine the volume cohorts. This is an accepted and rationale method compared with arbitrarily selecting volume cutoffs that may suit statistical thresholds [30, 31] . The NIS is the largest all-payer discharge database in the USA. Unlike other laparoscopic procedures, a unique ICD-9 code exists for LC, OC as well as open conversion, allowing accurate assessment of laparoscopy and surgical intent. The weaknesses of this study parallel those with the use of retrospective analysis of administrative data. There is a potential for underreporting of events, complications, and diagnoses. Our data contains no information about surgeon specialty, training, experience or other factors that may impact patient outcome. Our study used population-based data with only limited information on patient and treatment factors, thereby limiting our evaluation of medical factors such as presence of cancer, cirrhosis, antibiotic use, mechanical ventilation, and prior surgery. Despite being the largest all-payer database of hospital discharge records in the USA, there is no guarantee that our cohort is representative of local demographics and surgeon practices which may vary by state and community. In this study, only states that had accurate surgeon and hospital identifiers were included in the study. These states reflected a large sample or diverse states across the country and therefore we felt that it was a representative sample of the USA. This may not have been a representational cohort of a large population; demographic and practice patterns of surgeons performing cholecystectomy may vary from state to state. In order to account for this, we calculated the open conversion, mortality rates, and bile duct injury for the whole NIS cohort for cholecystectomy and did not find any difference in mortality among states with surgeon/hospital identifiers and those without. We also did not identify any significant regional differences in our cohort, and states had uniform distribution of demographic and patient characteristics. We were unable to account for patients who received a cholecystostomy tube as well.
The volume-outcome relationship continues to be a charged topic in the surgical arena. The role and importance of surgeon and center remain intertwined and difficult to delineate in most complex medical disorders and surgical procedures [15] . The results of this study confirm that surgeon volume improves outcome as measured by open conversion rate after surgery for AC. Other endpoints improved as well compared with lower-volume surgeons. We attempted to account for as many confounding factors as possible to truly define the difference in surgical expertise with volume. While the role and importance the hospital plays in this benefit remains unclear, referral and formation of acute surgery teams appears to be well suited to meet the demands for high-quality outcomes after patients undergo cholecystectomy for AC.
